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@ A process for the manufacture of tire for high 
speed two-wheeled vehicles comprising making a 
cylindrical sleeve, attaching annular bead wires to 
the axial ends of said sleeve and shaping the sleeve 
into a toroidal configuration. A belt structure (5) 



made of coils (6) of cords is applied to the crown of 
said toroidal configuration. The belt is reinforced with 
HE cords which can be deformed to enable the tire 
carcass to be so largely expanded into the mold to 
achieve complete molding of a tread band. 
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The present invention is concerned with a pro- 
cess for the manufacture of motor-driven vehicle 
tires, in particular for two-wheeied vehicles and 
more particularly for motorcycles, and the tires 
made by the process. 

These tires have a particular structure and 
shape so that they can withstand use conditions 
completely different from those in which normal 
tires for four-wheel vehicles are used; It is In fact 
sufficient to remember that when curvilinear paths 
have to be talcen it is not the travel direction of the 
tire which is altered but the vehicle position, which 
is Inclined sideways towards the road surface dur- 
ing a turn. 

For the above reason two-wheeled-vehicie tires 
must be capable of running with camber angles of 
very high value, in the order of 50* or more, 
against a normal value of 3* to 4* in four-wheeled- 
vehicle tires, the camber angle being continuously 
and uniformly altered: consequently these tires 
have a cross section which is very rounded, that is 
provided with a strong convexity in the crown, 
unlike other tires in which the transverse profile of 
the tread is almost flat. 

This strong convexity in the crown involves 
problems during the tire molding step bringing 
about drawbacks and deterioration of quality in use. 

It is known tliat a tire of the above type com- 
prises a carcass of toroidal form, a tread band 
disposed on the crown of said carcass and an 
annular reinforcement structure, also known as belt, 
fitted between the carcass and the tread band. 

In particular, in carcasses of the radial type, 
that is those having reinforcement cords lying in 
planes containing the rotational axis of the tire, the 
belt preferably comprises one or more layers of 
cords made of an appropriate reinforcement ma- 
terial, at least resistant to tensile stress, disposed 
in mutual side by side relation and all parallel to 
one anothier and oriented in a substantially circum- 
ferential direction. 

This annular reinforcement structure must be 
circumferentially inextensible and be submitted to a 
tensile preloading when the tire is deflated, so that 
it can perform all the required functions when the 
tire is in use. 

It is also known that a process for the manufac- 
ture of such radial tires substantially comprises the 
steps of disposing the carcass in the form of a 
cylindrical sleeve on an appropriate manufacturing 
drum; giving said carcass a toroidal form on the 
selfsame drum or on a different manufacturing 
drum; applying an annular reinforcement structure 
and the tread band to the crown of the toroidal 
carcass thus shaped; putting the carcass thus ar- 
ranged within a vulcanization mold of the type 
commonly referred to as "centripetal" which, in 
register with the tread, is provided with a ring of 



sectors radially movable inwardly and outwardly; 
expanding the carcass for the purpose of putting 
said belt in a preloaded condition and simulta- 
neously closing the mold by a centripetal radial 

6 displacement of the sectors, so that a raised pat- 
tern formed by said sectors may penetrate into the 
tread band while carrying out the molding thereof. 

The expansion of the carcass within the mold 
Is usually known as "pulling" and corresponds to 

10 an increase of about 1.5% in the circumferential 
size of the tire. This process, in tires of the type 
having a high transverse convexity to which the 
present invention refers, gives rise to some 
drawbacks which are particularly troublesome in 

75 tires in which the tread pattern has very deep 
hollows or grooves. 

In fact, as previously stated, the belt must be 
an almost inextensibie circumferential structure, 
which means that the maximum permissible pulling 

20 cannot exceed the above stated value correspond- 
ing to a similar percent Increase In the diameter 
thereof. . 

If the maximum depth of the hollows in the 
tread pattern is higher than this value it is apparent 

25 that the overall pattern molding can only be 
achieved by making the ribs present on the mold 
sectors penetrate into the thickness of the tread 
band and therefore the deeper the rib penetration 
is. the greater the portion of hollow formed in this 

30 manner. 

It is however to be noted that while the expan- 
sion of the carcass is substantially radial at any 
point, and therefore the hollow portions formed as 
a result of the movement of the tread band against 

35 the sector ribs have a certain radial height, on the 
contrary the movement of each sector against the 
tread band is radial only at Its axis of symmetry, 
whereas all other points move in a direction parallel 
to said axis and therefore not at right angles to the 

40 profile of the tire carcass, thereby molding hollows 
that are offset and displaced with respect to the 
desired pattern. 

The phenomenon is increasingly more serious 
at the sector ribs which are more spaced apart 

45 from the axis of symmetry and for tires having a 
stronger convexity, particularly In the transverse 
direction. 

In order to solve this problem the expansibility 
of the belt should be increased so as to increase 

60 the depth percent of the hollow formed by the 
movement of the tread band against the mold 
sectors (at the most as far as the value of 100%), 
but this would require a belt having a very expan- 
sible circumference which is contrary to the re- 

55 quirements of the tire in use. 

The manufacture of a belt which is extensible 
only during the molding step by the use of the 
presently adopted cords made of high-resistant 
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materials such as Kevlar (registered trademark 
available from Du Pont) or steel, but laid down 
loosely, that is in an undulated manner, or In com- 
pression, is not feasible due to the difficulties aris- 
ing in connection with the process; actually the 
number of problems created by such a working 
process Is greater than that of the problems thus 
solved. 

Neither does the use of very extensible and 
heat-shrinkable textile materials such as nylon en- 
able the problem to be solved, since these materi- 
als are unable to withstand stresses arising during 
the use of the tire without undergoing important 
deformations, in particular due to the effects of 
centrifugal force connected with high speed of the 
vehicle, which can even reach values in the order 
of 300 kilometers per hour. 

The applicant has now devised a new process 
for the manufacture of tires of the type discussed 
above, and in particular a process for carcass 
shaping and belt manufacture enabling all the 
above problems to be solved and still other prob- 
lems that will be disclosed hereinafter, so that the 
object of the present invention is a process for the 
manufacture of tires for motor-cycles capable of 
offering high performances, and the tires thus ob- 
tained that are in particular free from structural and 
molding faults that could adversely affect their be- 
havior In use. 

One aspect of the invention is to provide a 
process for the manufacture of tires for vehicle 
wheels comprising the following steps: 

- manufacturing a tire carcass in the form of a 
■ cylindrical sleeve, by producing a tubular ele- 
ment of rubberized fabric reinforced with 
cords disposed substantially parallel to the 
axis of said sleeve and folding back the ends 
of the cords of said tubular element about 
one of a pair of annular metal bead cores 
which are circumferentialiy inextensibie, said 
bead cores lying in planes perpendicular to 
the sleeve axis; 

• shaping said tubular element Into a torus by 
radially expanding the sleeve wall and mov- 
ing said bead cores close to each other In an 
axial direction, so that a first toroidal configu- 
ration is formed; 

- assembling a belt structure to the crown of 
said torlcally-shaped carcass, which belt 
structure comprises cords oriented in a sub- 
stantially circumferential direction disposed in 
mutual side by side parallel relation, and 
superposing a tread band on said belt at a 
radially outer position thereof; 

- introducing the assembled tire into a vul- 
canization mold; 

- closing said mold and expanding the carcass 
against the mold surface, so that it reaches 



its final toroidal configuration, so as to 
achieve the molding of the tread pattern into 
the tread band in particular; and 

- vulcanizing said carcass, the process being 
5 characterized by the fact of: 

- making said belt using cords of a high-elon- 
gation type exhibiting, in their load-elongation 
diagram, a curvilinear portion mutually con- 
necting two substantially rectilinear lengths to 

70 each other, which lengths are of different 

inclination relative to the axes of said dia- 
gram, and 

- moving said annular bead cores coaxially 
close to each other during the toroidal shap- 

76 Ing of said tubular element until a mutual 

axial distance is reached which corresponds 
to an intermediate toroidal configuration of 
smaller diameter than that of said first 
toroidal conformation, and exhibits a deviation 
20 of predetermined value from said final 

toroidal conformation, the value of the center 
axial distance between said annular bead 
cores being given by the load-elongation dia- 
gram of said belt cords, so that the expansion 
25 of said carcass in said mold to the final 

toroidal configuration, puts said belt cords in 
a tensile condition (preloading) corresponding 
to a point of said diagram located within said 
curvilinear portion. 
30 Preferably said point will be located close to 

the end of said curvilinear portion corresponding to 
the highest elongation value. 

In a very convenient manner, said cords are 
metal cords oriented in the same way and exhlbit- 
35 ing an ultimate elongation included between 4% 
and 8% and which have been previously rubber- 
ized. 

Conveniently said belt structure can be made 
by wrapping one or more turns of one or more 
40 strips of sufficient width around said carcass, which 
strips are formed with rubberized fabric reinforced 
with said high-elongation cords, overlapping the 
ends of said strip or strips over a portion in the 
order of 20 mm to 50 mm, or wrapping a single 
45 high-elongation cord continuously and repeatedly 
around said carcass going on in an axial direction 
from one end of the carcass to the other. 

A different way for making said belt comprises 
heticoidally wrapping or coiling a tape of rubber- 
so ized fabric of two or more (usually ten at the most) 
high-elongation cords on said carcass, proceeding 
in an axial direction from one end to the other 
along the toroidal profile of the carcass. In addition, 
should the above coiling techniques be used, the 
55 helical wrapping can also be carried out by simulta- 
neously proceeding from the middle towards both 
ends of th© carcass, or the other way round. 

In keeping with a further aspect of the inven- 
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tion, a tire for two-wheeled vehicles is provided 
which comprises a carcass of toroidal form having 
a strong transverse convexity, having a crown por- 
tion and two sidewalls terminating in beads for 
anchoring to a corresponding mounting rim, a tread 
band located on the crown of said carcass and 
having a convexity ratio in the range of 0.15 to 
0.45. and a circumferentially Inextensible belt struc- 
ture interposed between said carcass and tread 
band, said annular reinforcement structure compris- 
ing a plurality of cord coils disposed in axial side 
by side relation, extending from one end of said 
structure to the other according to an angle almost 
of zero value relative to the circumferential direc- 
tion of the tire, characterized In that said reinforce- 
ment cords are of the high-elongation type having 
a load-elongation diagram with a curvilinear portion 
connecting two substantially rectilinear lengths to 
each other, said lengths having a different inclina- 
tion relative to the axes of said diagram, said cords 
In a vulcanized but not Inflated and not loaded tire 
being in a tensile condition (preloading) corre- 
sponding to a point of said diagram located within 
said curvilinear portion and preferably in the vi- 
cinity of the end thereof corresponding to the 
greatest elongation value. 

In a preferred embodiment, said reinforcement 
cords are metal cords oriented in the same way 
and having an ultimate elongation in the range of 
4% to 8%. 

The density of said cords in the above tire Is 
preferable between 25 to 150 wires/dm and said 
cords can also be unevenly distributed in an axial 
direction, having concentrations and thinnings 
along said axial extension. 

In addition, said high-elongation cords, if metal- 
lic, preferably consist of 1 to 4 strands, each strand 
in turn preferably consisting of 1 to 7 elementary 
wires, of a diameter in the range of 0.10 mm to 
0.25 mm and the strands being hellooldally twisted 
together in the same way, their stranding pitch 
being between 10 mm. and 200 mm. 

Advantageously the tire of the invention shows 
a substantially balanced and uniform behavior, 
characterized by the fact that the difference be- 
tween the values of the drift thrust measured on 
the tire during rotation either clocltwise or coun- 
terclockwise is less than 15% of the value of the 
maximum drift thrust. 

The present invention will be best understood 
from the following detailed description and the ac- 
companying drawings, given hereinafter by way of 
non-limiting example, in which: - Fig. 1 is an axial 
cross section of the tire of the invention; 

- Fig. 2 is a qualitative and non-quantitative 
load-elongation diagram of the cords in ac- 
cordance with the invention as compared with 
that of a cord type widely used In the present 



tires; 

- Fig. 3 is a diagrammatic axial cross section 
showing the profile of toroidal conformation of 
a tire carcass In accordance with the inven- 

5 tion in three different situations; 

- Rg. 4 is a plan view of a portion of the belt 
structure of the tire shown in Fig, 1, in accor- 
dance with a specific embodiment. 

Illustrating the tire of the invention first and 

10 referring particularly to Fig. 1, the tire comprises a 
carcass 1 formed with one or more rubberized 
fabric plies, having a toroidal conformation in right 
section in which the ends of the cords of the plies 
are folded back from the axial inside to the axial 

75 outside in a known manner around annular metal 
bead cores 3, provided, at an outer radial position, 
with a filler 2 of elastomeric material having appro- 
priate rheometric features. 

The crown of said carcass has a tread band 4 

20 and an intermediate structure 5, usually known as a 
breaker or a belt, Interposed between the tread 
band and the carcass. 

The tire area comprising the bead core 3 and 
filler 2 constitutes the tire bead, for ensuring the 

25 anchoring of said tire to a corresponding mounting 
rim, not shown. 

The area substantially Included between the 
radially outer end of the filler 2 and the belt 5 end 
is referred to as a tire sidewall and constitutes the 

30 area of maximum flexibility, adapted to ensure 
comfort during the vehicle ride. 

On the other hand, in some very particular 
embodiments the radial length of the sidewall area 
can be greatly reduced and in effect the sidewall 

35 can be eliminated when the radially outermost area 
of the filler 2 comes into contact with the radially 
Inner end portion of the tread. 

As can be seen from the tire shown in Fig. 1 , 
though only examined from a qualitative point of 

40 view, motor-cycle tires have a very encircling tread, 
having a marked convexity In crown and, in effect, 
have a very rounded shoulder or could be consid- 
ered not to have a shoulder between the sidewall 
and the tread band. 

45 In particular this convexity is expressed by the 

value of the h/w ratio, where h represents the radial 
height of the tread relative to the reference line c-c 
passing through the radially inner ends of said 
tread, and w represents the maximum width of said 

50 tread, as shown in Fig. 1. For the tire of this 
invention the h/w value is preferably in the range of 
0.15 to 0,45. 

The exact defining of the tread ends, neces- 
sary for a reliable and objective definition of the 

55 values of h and w, can be easily achieved due to 
the fact that the tread edge is in register with the 
maximum width of the tire and often ends in a 
sharp edge distinguishing the beginning of the 
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sidewali and above all is adapted to enable the 
vehicle driver to appreciate when the maximum 
permissible camber angle is achieved, during a 
curvilinear ride path or on a curve in the road. 

The radial height f of this edge or of the tread 
edge relative to a base line (b-b) of the beads, 
taken as reference line, conveniently although not 
necessarily is coincident with the ends of belt 5. 
The base line b-b connects the bead seating area 
of the two tire beads. 

Formed in the thickness of the tread band is a 
raised pattern consisting of a plurality of hollows or 
grooves 4a, 4b, 4c and lands (not shown) obtained 
in a known manner by a molding operation carried 
out on the raw carcass in an appropriate mold. 

The reasons for which in case of radial tires the 
mold must be of the type provided with radially 
movable sectors, the so-called centripetal type, 
have already been discussed. 

For an appropriate behavior of the tire on the 
road, the direction of the grooves in relation to the 
thickness of the tread band must be substantially 
perpendicular to the tread surface at that point. It 
will be therefore recognized, and as can be seen 
from Fig. 1, that grooves of the same radial depth s 
actually have different developments into the tread, 
in a direction parallel to the equatorial plane m-m, 
depending upon the lying position of the groove in 
the tread, this developments is equal to s for 
grooves located In the equatorial plane itself and 
proportionally decreases to a minimum value r for 
the grooves located at end (axial outer) positions. 

On the contrary, when progressively moving 
axially from the middle towards the tread edges the 
width of said grooves in the axial direction in- 
creases. 

It is therefore apparent, also from Fig. 1 , that a 
correct molding of the axial outer end grooves of 
the tread cannot be achieved by a mold portion 
(sector) which is moved as a unit In a radial direc- 
tion parallel to the line m-m. although provided with 
ribs that exactly correspond to the grooves 4b and 
4c. 

As regards the carcass, the reinforcement 
cords 1 1 (see Fig. 4) of the corresponding plies are 
of any convenient known material, even a metallic 
but preferably a textile material, and in this case 
more specifically of a material having a low 
modulus: among these materials the most appro- 
priate for use are rayon, synthetic polyester fibers, 
and synthetic aliphatic poliamide fibers, generally 
known as nylon. 

For example, in the illustrated embodiment the 
cords are made of rayon, that is a synthetic fiber 
made from cellulose, extend axially from one bead 
to the other and are disposed at right angles to the 
circumferential direction of the tire, shown by the 
line m-m of the equatorial plane (center line), that 



is inclined to said line by an angle substantially 
equal to 90*. 

Considering now the belt structure 5. it is 
formed with a plurality of cords 6 formed as coils 
5 disposed in axial side by side relation and extend- 
ing from one axial end of the carcass crown portion 
to the other. 

In a preferred embodiment of the invention said 
cords are metal cords oriented in the same way, of 

10 the high-elongation type, generally known as "HE 
cords", each consisting of a certain number, 1 to 5 
and preferably 3 to 4, strands, each strand being 
comprised of a given number. 2 to 10 and prefer- 
ably 4 to 7. of elementary wires having a diameter 

15 greater than 0.10 mm, preferably ranging between 
0.12 and 0.25 mm. The strand wires and the cord 
strands are helically twisted together in the same 
way, according to the same twisting pitch or also 
according to different pitches for the wires and the 

20 strands (so called Lang's lay). 

Obviously materials other than metal could also 
be used, provided that the cords have the same 
type of load-elongation diagram as above stated 
and mechanical strength features adapted to with- 

25 stand the forces acting on the tire. 

In particular the cord used in the prototype tire 
herein specifically described is a metal cord techni- 
cally known as 3x7x0.12HE. that is a cord consist- 
ing of three strands, each of seven steel wires of 

30 0.12 mm of diameter. 

Due to the fact that the wire and strand twisting 
is carried out in the same way, the finished cord is 
coiled and substantially acquires the features of a 
spring and its particular load-elongation diagram 

35 shown In Fig. 2 by line HE depends on this fact. 

In Fig. 2 there is a pair of reference axes 
perpendicular to each other with the load values C, 
that is the values of the tensile stresses applied to 
the cord, reproduced on the vertical axis, whereas 

40 on the horizontal axis the percent cord-elongation 
values L are reproduced. After submitting the cord 
to increasing tensile values, the corresponding 
elongations are measured and then marked in the 
plane defined by said pair of axes at points cor- 

45 responding to each pair of applied load/achieved 
elongation values until the breaking point of the 
cord is reached. 

One can immediately see that said diagram 
includes one substantially rectilinear length (OE) of 

50 weak sloping (strong elongations at low loads) fol- 
lowed by a still substantially rectilinear length (FZ) 
of strong sloping (small elongations at increasingly 
stronger loads), the two lengths being connected to 
each other by a curvilinear portion (EF) usually 

65 referred to as a "knee". 

By way of example, one can ascertain that the 
center line of said curvilinear portion EF corre- 
sponds to an elongation value ranging between 
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about 1.5% and 3%: thus the explanation of the 
diagram can be easily understood. 

The length of weak sloping corresponds to the 
elongation of the above described "spring"; in oth- 
er words, during starting the elongation, first dia- 
gram portion, the helical coils of the cord extend, 
which brings about the wire straightening, as they 
exhibit a low tensile strength. 

Going on in pulling, at the end of the knee the 
wires have already been completely extended, 
though twisted upon themselves and therefore they 
react to the applied pulling force by effect of the 
mechanical features of the material and no more 
by effect of the geometrical configuration of the 
cord. The material used is steel and consequently 
the cord elongation becomes moderate in spite of 
the increase in the applied force. 

On the contrary, the cords normally used ex- 
hibit a load-elongation diagram as represented in 
Fig. 2 by line PA: in this case one can see the 
almost constant behavior of the cord submitted to 
pulling stresses, also characterized by a lower 
sloping than in the cord HE; the importance of this 
fact will be apparent in the following. 

It will be now understood how the use of said 
cord has enabled the problem of the invention to 
be generally solved. The cord is in fact coiled on 
the carcass shaped according to an intermediate 
toroidal configuration, still far from the final toroidal 
configuration that it will take in the mold, under a 
rather weak tension in order not to deform the 
carcass structure. 

In this manner the cord, with reference to its 
load-elongation diagram, is still in the vicinity of 
point O, in the starting length OE of weak sloping. 

The belt is therefore substantially extensible at 
low values of the applied load, so that the following 
carcass expansion in the mold (obtained with load 
CI) can conveniently take high values in order to 
enable the molding of the tread band, and in par- 
ticular of the pattern grooves through the complete 
depth thereof, by the displacement of the band 
against the projections of the sectors in the already 
closed mold, thereby ensuring a strictly radial 
molding at all points, whereas the belt cord or 
cords are brought to work to a point of the load- 
elongation diagram included in said curvilinear por- 
tion and preferably close to the outlet F from the 
knee and therefore already in a state of consider- 
able tension (preloading) and in any case at the 
beginning of the length of maximum tensile 
strength. 

The vulcanization of the tire makes this situ- 
ation stable so that, during the use of the tire 
(strong increase of the permanent load (C2-C1) by 
effect of the inflation pressure, and strong variable 
acting loads (C3-C2) by effect of speed) the belt 
works in the cord diagram portion external to point 



X. 

It will be Immediately noted that in this portion 
of the diagram the cords of the invention react with 
a lower elongation than the known cords, the load 

5 increase (C3-C2) being equal, that is the belt really 
behaves like a structure substantially Inextensible 
in a circumferential direction, which ultimately 
brings about a better behavior of the tire of the 
invention, above all at high and very high speeds, 

70 as compared with the behavior of traditional tires. 

Knowing this general behavior, it is possible to 
examine the process of the invention in more de- 
tail. 

It Is known that the process for the manufac- 
75 ture of tires usually provides the following already 
mentioned and well-known steps: 

- manufacturing the tire carcass in the form of 
a cylindrical sleeve, by producing a tubular 
element of rubberized fabric reinforced with 

20 cords disposed substantially parallel to the 

axis of said sleeve and folding back the ends 
of the cords of said tubular element each 
about at least an annular metal bead core 
which Is circumferentially inextensible, said 

25 bead cores lying in planes perpendicular to 

the sleeve axis; 

- toroidally shaping said tubular element by 
radially expanding the sleeve wall centrally of 
the two bead cores and moving the bead 

30 cores close to each other in an axial direc- 

tion, so that a first toroidal configuration is 
achieved; 

- assembling a belt structure to said toroidally- 
shaped carcass, which belt structure com- 
as prises coils of cords oriented in a substan- 
tially circumferential direction and disposed in 
side by side relation, and a tread band on 
said belt at a radially outer position thereof; 

- introducing the fuli carcass into a vulcaniza- 
40 tion mold of the centripetal type; 

- closing said mold and expanding the carcass 
against the moid surface, so as to achieve 
the molding of the tread band in particular, 
and finally vulcanizing said carcass by an 

45 appropriate heat treatment to high tempera- 

ture and pressure. 
In accordance with the invention the above 
process is modified so as to accomplish a new 
process characterized by the fact of: 
50 - making said belt using cords of the high- 
elongation type exhibiting, in their load-elon- 
gation diagram, (see Fig. 2) a curvilinear por- 
tion mutually connecting two substantially 
rectilinear lengths of different sloping, and 
55 - moving said annular bead cores coaxially in 
relation to each other during the toroidal 
shaping of said tubular element until a mutual 
axial distance between the cores is reached 
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which corresponds to an intermediate toroidal 
configuration of smaller diameter than that of 
said first toroidal configuration and exhibits a 
deviation of predetermined value from said 
final toroidal conformation, the value of the 
center distance between said annular cores 
being given by the load-elongation diagram 
of said belt cords, so that the expansion of 
said carcass in said mold into the final 
toroidal configuration, puts said belt cords in 
a tensile condition (preloading) corresponding 
to a point of said diagram located within said 
curvilinear portion. 
Shown schematically in Fig. 3 are three dif- 
ferent profiles (7, 8, 9) of toroidal conformation of 
the selfsame carcass, profile 7 representing the 
final conformation profile of the carcass plies in the 
vulcanization mold after the molding has taken 
place and during the vulcanization cycle. On all of 
the three profiles points A and B indicate the ends 
of the crown portion on which the belt structure is 
placed. It is obvious that the profiles must have the 
same linear extension from one bead to the other. 

Profile 8 represents the first toroidal conforma- 
tion profile of the carcass, before applying the belt 
in accordance with the known art; the difference D- 
d1 corresponds to the usual expansion at the equa* 
torial plane undergone by the carcass and the belt 
during the pulling step which, as seen, is equal to 
about 1.5%. 

Profile 9 on the contrary represents the toroidal 
intermediate conformation profile of the selfsame 
carcass according to the process of the invention, 
that is that of the carcass ready to be assembled to 
the belt formed with high-elongation cords. 

The diameter of profile 9 has a value d2 lower 
than d1 so that the increase D-d2 corresponding to 
the expansion of the carcass during the pulling 
step con-esponds to the elongation undergone by 
the belt cords. 

Said intermediate toroidal conformation profile 
9 of the carcass can be adjusted so that it may 
have a lower diameter than the profile 8 by stop- 
ping the axial movement of the beads close to 
each other at a convenient value c that is greater 
than b. 

In this manner the expansion of the carcass as 
far as the profile 7 is achieved, is permitted by the 
fact that the mutual distance between the beads, 
commonly known as "posting" simultaneously 
passes from value c to the lower value a; in this 
manner It is in fact possible to achieve an increase 
in the carcass diameter simultaneously with a con- 
stant linear extension of the toroidal profile of the 
carcass itself. 

Ideally the difference D-d2 must correspond to 
the maximum depth s of the grooves in the tread 
pattern. 



The elongation undergone by the belt cord or 
cords must be suitable to put said cords to a 
general point Q (see Fig. 2) within the portion EF 
and preferably even to point F of the load-elonga- 

5 tion diagram: in other words, G can vary at the 
inside of the knee but it will be preferably moved 
as much as possible towards the knee outlet or 
even to the boundary thereof, that is at the begin- 
ning of the greatly sloping portion. 

70 The importance of the characteristic proper to 

the process for the manufacture of tires in accor- 
dance with the invention is now readily apparent 
and it consists in fixing the diameter of the toroidal 
conformation profile of the carcass depending upon 

75 the desired pulling value (in turn depending on the 
depth of the grooves in the tread pattern and/or the 
starting elongation of the cords used for the belt 
structure) and to control said diameter value by the 
selection of a corresponding value c for the bead 

20 posting. 

The correlation between the pulling amount 
and the groove depth is well apparent; on the 
contrary as regards the high elongation cords it is 
to be noted that the starting capability of elongation 

25 of said cords (first diagram length) depends on 
many factors, among which the stranding pitch of 
the wires and strands, so that different cords have 
different capability of starting elongation. Which 
means that, the desired condition for the cord at 

30 the end of the vulcanization step being fixed as that 
of point F and all other conditions being equal, the 
portion OF will exhibit a variable length depending 
on the variation of the cord features. 

In other words, different starting elongations 

35 (OL) must be allocated to the different types of 
cords so that they may reach the fixed condition of 
point F and therefore also the pulling to be given to 
the carcass before its vulcanization must be of 
different amount. 

40 It is to be noted that this pulling does not 

necessarily need to be given within the mold but 
part of it could be given on the conformation drum 
after the belt has been assembled to the carcass. 
It is instead important that the degree of pulling 

45 given within the mold should not be lower than the 
maximum depth of the grooves in the tread pattern, 
which depth is also variable depending upon the 
type of tire and pattern. 

It will be therefore clear how the use of said 

so high-elongation cords in the belt enables the de- 
sired value to be given to the belt pulling whereas 
the manufacturing process in accordance with the 
invention enables the pulling to be given to the 
belt, to be adjusted in accordance with the precise 

55 . features of the cord really used. 

The manufacturing process being now known 
in its fundamental aspects, different embodiments 
are possible for the manufacture of the belt struc- 
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ture on the toroidal ly conformed carcass, all of 
them falling within the scope of the present inven- 
tion. 

According to a preferred embodiment the belt 
is made by helically wrapping continuously and 
repeatedly around the circumference of the tire a 
single optionally rubberized cord Into coils dis- 
posed in side by side relation, proceeding axially 
from one end to the other of the crown portion of 
said carcass. 

The wrapping pitch can be greater than the 
cord diameter so as to suitably control the density 
of the coils in the belt structure. 

In this manner the angle at which the coils lie 
will not be strictly circumferential with respect to 
the tire but the coils will be oriented according to 
angles v (Fig. 4) different from 0* relative to the 
equatorial plane. 

However the value of said angle will always be 
lower than 2* and within this range, for high values 
of V, it could be convenient to modify also the lying 
angle of the cords 1 1 of the carcass plies (relative 
to the fundamental value of 90') so as to maintain 
the correct cross angle between the carcass cords 
and the belt cords. 

Preferably the coil density thus determined will 
be in the range of 25 to 150 cords/dm. 

Alternatively, instead of helically wrapping a 
continuous single cord, a narrow tape containing 
several cords but preferably no more than 5 cords, 
could be conveniently wrapped around the carcass: 
in this manner the distance between the tape cords 
remains constant so that a possible variation In the 
tape coiling pitch p will bring about an uneven 
distribution of the coils in the belt structure thereby 
causing areas with closer colls followed by areas 
with less dense coils. 

Fig. 4 shows an example of this belt embodi- 
ment, obtained by helically wrapping in an axial 
direction a tape 10 of rubberized fabric provided 
with three HE cords 6 coiled according to a pitch 
corresponding to five times the diameter of said 
cords. 

In all cases of helical laying of the belt cords 
(either single cord or tape), the coiling can be 
conveniently carried out also starting from the mid- 
dle of the crown portion, at the equatorial plane, 
and going on simultaneously in an axiai direction 
towards both ends of said crown portion, or the 
other way about. 

Many advantages are achieved with the tire of 
the present invention. 

First of all the fact that a pulling greater than 
the usual one can be given to the raw carcass 
within the mold enables a perfect tire molding, in 
particular as far as the deepest grooves of the 
tread pattern are concerned, whereas this capabil- 
ity of greater expansion of the belt on the raw 



carcass Is completely eliminated on the vulcanized 
tire and therefore does not create disadvantages as 
regards the tire behavior in use. 

In addition to the foregoing, due to the fact that 

5 the tread molding no longer takes place by pene- 
tration of the projections present on the sectors into 
the tread band thickness, it is not compulsory to 
use molds of the centripetal type, and therefore 
simpler molds consisting of two halves can be 

70 used. 

In addition, the capability of greater expansion 
of the raw carcass improves the quality level of the 
finished tire since it enables possible unevenness 
in the structure and size of the used semi-finished 

75 products to be compensated for, in particular as 
regards the tread band thickness: it is in fact known 
that when the molding mainly takes place by pene- 
tration of the projections disposed on the sectors 
into the tread band thickness even light deviations 

20 of the band thickness from the predetermined val- 
ues give rise to important irregularities in the dis- 
tribution of the elastomeric material and consider- 
able deformations in the underlying belt and car- 
cass structure. 

25 The process of the invention, by distributing 
this unevenness over the whole circumferential and 
transverse extension of the carcass by effect of 
said capability of greater expansion, produces a 
levelling of the imperfections, a greater uniformity 

30 in the structure being recovered and therefore ac- 
complishing an increase in the quality level of the 
finished tire. 

As regards the belt, only the laying of the cord 
layer at 0 ' has been described, but obviously it is 

35 understood that other cord layers or strips can 
exist together with this layer, which layers may be 
inclined to the equatorial plane and/or disposed 
circumferentially, according to the known art. 

The important advantages achieved with the 

40 tire of the invention, in particular as regards the 
structural evenness and regular distribution of the 
rotating masses, are confirmed by the fact that the 
difference between the drift thrust values measured 
in the two rotational directions of the tire, is lower 

45 than 15% of the maximum detected thrust value. 

It is obviously understood that the above de- 
scription is to be considered as exemplary of, but 
not specifically limiting the present invention and 
therefore all modifications and variations that, 

50 though not illustrated, can be easily deduced from 
the present inventive idea by a person skilled in 
the art are to be considered within the scope of the 
invention itself. 

55 Claims 

1. In a process for the manufacture of tires for 
vehicle wheels comprising the following steps: 



8 



15 



EP 0 461 646 A2 



16 



manufacturing a tire carcass (1) in the 
form of a cylindrical sleeve, by producing 
a tubular element of rubberized fabric 

reinforced with cords disposed substan- 
tially parallel to the axis of said sleeve 
and folding back the ends of Jthe cords of 
said tubular element each about at least 
an annular metal bead core (3) which Is 
circumferentially inextenslble, said bead 
cores lying in planes perpendicular to the 
sleeve axis; 

toroidally shaping said tubular element 
by radially expanding the sleeve wall and 
moving said bead cores close to each 
other in an axial direction, so that a first 
toroidal configuration is achieved: 
assembling a belt structure (5) to said 
toroidally-shaped carcass, which belt 
structure comprises coils of cords (6) 
oriented in a substantially circumferential 
direction and disposed in side by side 
relation' and 

superposing a tread band (4) on said belt 
(5) at a radially outer position thereof; 
introducing the thus assembled tire into a 
vulcanization mold; 

closing said mold and expanding the car- 
cass radially outwardly against the mold 

surface, so that it reaches its final 
toroidal configuration, so as to achieve 
the molding of the tread band; and 
vulcanizing said carcass, the improve- 
ment comprising: 

making said belt (5) of high-elongation 
cords (6), said cords having in their load- 
elongation diagram, a curvilinear portion 
(E-F) mutually connecting two substan- 
tially rectilinear lengths (0*E; F-Z) of dif- 
ferent inclination relative to the axes of 
said diagram, and 

moving said annular bead cores coaxially 
toward each other during the toroidal 
shaping of said tubular element until a 
mutual axial distance C between the 
bead cores is reached which corre- 
sponds to an intermediate toroidal con- 
figuration d2 of smaller diameter than 
that d1 of said first toroidal configuration 
and has a deviation (D-d2) of predeter- 
mined value from said final toroidal con- 
formation, the value of the axial distance 
c between said annular bead cores being 
proportional to the ioad-elongation dia- 
gram of said belt cords, so that the ex- 
pansion of said carcass in said mold to 
the final toroidal configuration puts said 
belt cords in a tensile preloading con- 
dition corresponding to a point G of said 



load-elongation diagram located within 
said curvilinear portion. 

2. A process aQcording to claim 1, including for- 
6 ming said belt (5) by the use of rubberized 

metal cords oriented in the same manner and 
having an ultimate elongation of between 4% 
and 8%. 

70 3, A process according to claim 1, in which said 
belt (5) is made by wrapping at least one strip 
of rubberized fabric reinforced with said high- 
elongation cords around said carcass, overlap- 
ping the ends of said strips over a portion not 

75 lower than 20 mm in length. 

4. A process according to claim 1 . in which said 
belt is made by wrapping a single high-elonga- 
tion cord continuously and repeatedly around 

20 said carcass and extending in an axial direc- 

tion from one axial end of said carcass to the 
other. 

5. A process according to claim 1, in which said 
25 belt is made by helically wrapping a tape (10) 

of rubberized fabric comprising two to ten 
high-elongation cords around said carcass, 
proceeding In an axial direction from one end 
of the carcass to the other. 

30 

6. A process according to claim 4, In which the 
helically wrapping of said metal high-elonga- 
tion cords so as to make said belt is carried 
out by simultaneously proceeding from the 

35 middle towards both axial ends of the carcass. 

7. A process according to claim 5, in which the 
helically wrapping of said metal high-elonga- 
tion cords so as to make said belt is carried 

40 out by simultaneously proceeding from the 
middle towards both axial ends of the carcass. 

8. In a tire for two-wheeled vehicles comprising 

- a carcass (1) of toroidal form having a 
45 strong transverse convexity, having one 

crown portion and two sidewalls terminat- 
ing in beads for anchoring to a corre- 
sponding mounting rim, 

- a tread band (4) located on said crown 
50 and having a convexity ratio in the range 

of 0.15 to 0.45, and an annular, circum- 
ferentially inextenslble reinforcement 
structure (5) interposed between said 
carcass and tread band, said annular re- 
55 inforcement structure comprising a plu- 

rality of cord coils (6) disposed in axial 
side-by-side relation and extending from 
one axial end of said structure to the 
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other at an angle almost of zero value 
relative to the equatorial plane of the tire, 
the improvement comprising said rein- 
forcement cords being, of a high-elonga- 
tion type having a load-elongation dia- s 
gram with a curvilinear portion (E-F) con- 
necting two substantially rectilinear 
lengths (0-E; F-Z) to each other, said 
lengths having a different sloping, said 
cords In a vulcanized but not Inflated and to 
not loaded tire being in a tensile preload- 
ing condition corresponding to a point G 
of said diagram located within said cur- 
vilinear portion. 

75 

9. A tire according to claim 8, in which said 
reinforcement cords are metal cords oriented 
in the same manner and having an ultimate 
elongation in the range of 4% to 8%. 

20 

10. A tire according to claim 8, in which said 
reinforcement cords are disposed at a density 
of between 25 to 150 cords/dm. 

11. A tire according to claim 8, in which said 25 
reinforcement cords are axially distributed In 

said belt structure in an uneven manner. 

12. A tire according to claim 8, in which the dif- 
ference between the values of the drift thrust 30 
measured on a tire rotating In either of the two 
rotational directions, is lower than 15% of the 
maximum value of said drift thrusts. 

13. A tire according to claim 9, in which said metal 35 
cords oriented In the same manner and of the 

high elongation type are formed with 1 to 4 
strands, each strand in turn preferably com- 
prising 1 to 7 elementary wires, of a diameter 
in the range of 0.1 to 0.50 mm. 4q 
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FIG 2 
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